Study Design: A prospective clinical study. Purpose: Our objective in the present study was twofold. First, we sought to evaluate the relationship between postoperative venous thromboembolism (VTE) development and concentration of D-dimer to determine the cutoff value in patients who underwent elective spinal surgery. Second, we identified the predictive risk factors for postoperative VTE. Overview of Literature: VTE affects the general health of patients and may even cause death. Since the complications of VTE are difficult to predict, the safest and most cost effective diagnostic method should be used in order to confirm a suspected VTE event after spinal surgery. Methods: This study was performed on 97 patients who underwent elective spinal surgery. The D-dimer assay was carried out on the day before surgery, and on days 1, 3, and 10 following surgery. VTE occurrence and D-dimer levels were compared between the VTE and the control groups. Results: Four patients (4.1%) were diagnosed with deep vein thrombosis and one patient (1%) was diagnosed with a pulmonary embolism. The optimum D-dimer cutoff value on day 3 following surgery in the VTE group was determined to be more than 2.1 µg/mL with a sensitivity of 100% and a specificity of 80.7%. Moreover, the duration of postoperative recumbency was a significant risk factor for the development of VTE in this study.
Introduction
Approximately 500,000 cases of venous thromboembolism (VTE) are reported annually in the United States. Deep vein thrombosis (DVT) and pulmonary embolism (PE) are two clinical manifestations of VTE. In fact, VTE is essentially a massive PE, causing death in 70% within the first hour following the onset of symptoms [1] [2] [3] . VTE remains a significant complication after spinal surgery and according to various reports, the incidence of symptomatic VTE in patients who underwent spinal surgery has ranged from 0.3%-31% [4] . Moreover, the incidence of VTE complications in patients who underwent major elective spinal surgery has been reported to be 8.3%-15.5% [5] [6] [7] [8] .
Since the complications arising solely from VTE cannot be diagnosed reliably by merely undergoing a clinical examination [9] , in order to confirm a suspected VTE event after spinal surgery, the most cost effective and safest diagnostic method should be used. Although D-dimer levels in plasma have been shown to increase postoperatively [10] , an optimum concentration level signifying a lower risk may fill the clinical role, ruling out VTE [11] . Even though the diagnostic significance of the D-dimer test is well-known for predicting VTE symptoms, the role of high D-dimer levels in the postoperative state following spinal surgery has been controversial and its cutoff level for predicting the risk of developing VTE still remains debatable. Furthermore, evidence based on previous studies indicate that postoperative D-dimer tests may not be accurate in sensitivity and specificity [7, 8, 10, [12] [13] [14] .
The aim of the present study was to investigate the relationship between postoperative venous thromboembolic complications and the concentration of D-dimer to determine a cutoff value in patients who had undergone elective spinal surgery. Moreover, we sought to identify risk factors associated with VTE after spinal surgery.
Materials and Methods
A prospective study was carried out involving patients who underwent elective spinal surgery between 2011 and 2013 at the Islamic Azad University. The exclusion criteria were less than 18 years old, a history of venous thromboembolic complications prior to surgery, leukemia, sicklecell anemia, hepatic impairment, renal insufficiency, acute infections, active tuberculosis, pregnancy, receiving anticoagulation medication for over 48 hours prior to surgery, presence of a spinal cord injury, and having solid tumors. Patients were also excluded if their D-dimer or imaging results were incomplete. The study was approved by the institutional ethical committee. Written informed consent was acquired from each patient. Overall, thirteen patients were excluded from the study. Out of the ninetyseven remaining patients (45 male), the mean age (±stan-dard deviation, SD) was 55.3±12.8 years (ranging from 23 to 86 years), the mean body mass index (BMI) (±SD) was 26.8±3.67 kg/m 2 , and 21.9% of the subject population was obese (BMI≥30 kg/m 2 ). The diagnoses at admission in the study population are shown in Fig. 1 . All surgeries were performed under general anesthesia. The operative level of surgery, duration of surgery, intraoperative transfusions, and blood loss were all recorded immediately after surgery. The postoperative blood drainage was recorded as well.
Venous blood samples were collected to measure D-dimer levels using the ELISA method (VIDAS, bioMérieux, France) before and 1, 3, and 10 days after surgery. All patients received postoperative elastic stockings prophylaxis. Physical evaluation (with the Wells score system) related to new acute VTE symptoms was performed the day before the operation, during hospitalization, and within two weeks after surgery by the same examiner; additionally, bilateral venous Doppler ultrasonography was performed for all patients after surgery during hospitalization by the same radiologist. The computed tomography (CT) angiography was also used to evaluate suspected PE events after surgery. Moreover, patients with a D-dimer level higher than 0.5 µg/mL were followed up for the development of VTE postoperatively.
We performed stepwise logistic regression to identify factors that were predictive of VTE among seven independent variables (age, sex, BMI, operative time, operative level, bleeding volume including intra-and postoperative blood loss, and duration of postoperative recumbency). To assess the D-dimer cutoff point, a receiver operating characteristic (ROC) analysis was con- , and operative level did not differ significantly between the VTE and the non-VTE groups, while all thromboembolic complications were found in patients who underwent spinal surgery. The recumbent duration after surgery was significantly higher in the VTE group compared to the non-VTE group, as depicted in Table 1 . The mean recumbent time was 46.4 hours in patients with VTE. Logistic regression also showed that duration of postoperative recumbency was a significant independent risk factor for developing VTE (Table 2) . Bleeding volume including intra operative and postoperative blood loss.
The changes in values of the D-dimer levels preoperatively and on postoperative day 1, 3, and 10 are presented in Fig. 2 . As expected, the concentration of D-dimer was found to increase postoperatively. Among all measured levels, the mean value of D-dimer peaked on postoperative day 3 for the VTE group. However, in the non-VTE group, the mean value of D-dimer peaked on the first day after surgery. Statistically, there was no significant difference between the preoperative D-dimer levels between the VTE and non-VTE groups (0.68±0.47 µg/mL vs. 0.41±0.33 µg/mL; p=0.169), but D-dimer levels on the first (3.79±1.48 µg/mL vs. 2.08±1.71 µg/mL; p=0.025), third (5.60±2.96 µg/mL vs. 1.52±1.35 µg/mL; p=0.001), and tenth (2.11±0.97 µg/mL vs. 1.02±1.10 µg/mL; p=0.028) day after operation were significantly higher in the VTE group compared to those without VTE.
The cutoff value with relevant sensitivity and specificity was predicted by ROC analysis. The area under the curve corresponding to the D-dimer on the third day after surgery proved to be the best indicator for anticipating VTE symptoms (Fig. 3) . The optimum cutoff concentration of D-dimer on postoperative day 3 for diagnosing the onset of VTE symptoms was determined to be 2.113 µg/mL. At this level, the sensitivity and specificity were 100% and 80.7%, respectively, with a positive predictive value (PPV) of 31.2% and negative predictive value (NPV) of 100%.
Discussion
Since the onset of VTE is difficult to predict using individual clinical examinations [9] , screening methods are important tools for determining whether VTE complications are occurring [4] . However, prior instrumental diagnoses have been considered an unsuitable tool for routine evaluation of asymptomatic VTE complications due to high costs, complications, and low accuracy [15] . In addition, D-dimer levels in the plasma below the standard threshold level of 0.5 µg/mL can serve as a cost effective screening strategy to eliminate VTE [14] . However, the concentration of D-dimer has been shown to increase after surgery [10] ; hence, the application of a D-dimer test exclusively to negate postoperative VTE complications is limited. In our study, D-dimer levels increased after surgery, and postoperative D-dimer levels were significantly higher in the VTE group (p<0.05). These results are in agreement with previous studies that have associated elevated levels of D-dimer with the development of VTE after spinal surgery [5, 7, 8] . In a previous study, Dindo et al. [14] reported that the optimal time period for the D-dimer tests during the postoperative period depended on the invasiveness, type, and duration of the operation. It has been reported that, for the diagnosis of VTE after spinal surgery, this time frame should be within the first week of the postoperative period [5, 7, 8] .
In an earlier study comprising 72 patients who underwent spinal surgery, Yoshioka et al. [8] evaluated the overall sensitivity to be 83.3% with s NPV of 98.0% when the D-dimer cutoff level was assigned a value of 6.5 µg/ mL on postoperative day 7; hence, they concluded in view of their poor findings, that the D-dimer level was unsuitable for use as an early diagnostic to predict VTE. In contrast, Yoshiiwa et al. [7] set the D-dimer level cutoff point at 10 µg/mL in their study, and reported that the sensitivity and specificity of D-dimer measurements on day 4 after spinal surgery were 100% and 95.1%, respectively. As mentioned earlier, we measured D-dimer levels on days 1, 3, and 10 after surgery. Since any screening method to negate VTE should demonstrate high sensitivity and NPV, our results from the ROC analysis showed that D-dimer levels on the third day after surgery would be good indicators for the prediction of VTE events. Based on our assay results, a threshold value of 2.113 µg/ mL on postoperative day 3 provided 100% sensitivity and a NPV with a specificity of 80.7% and a PPV of 31.2%. Compared to previous reports, the D-dimer cutoff point derived from our study was relatively low. However, one study included patients having solid tumors [8] , which may be the reason for their high levels of D-dimer. In an- other study, the imaging method for screening for DVT and PE was not performed at D-dimer levels less than 10 µg/mL, so cases of asymptomatic VTE might have been missed [7] . Since DVT with subsequent pulmonary emboli is a likely complication after spinal surgery, it would be better to use a more sensitive screening method for the detection of symptomatic and asymptomatic VTE. This is why our study has a different sensitivity in comparison to other studies. Moreover, a similar conclusion was derived from a study that examined D-dimer concentrations one week after spinal surgery. Patients who had D-dimer levels ≥10 µg/mL, did not suffer from VTE complications; on the other hand, patients who developed asymptomatic VTE, had mean D-dimer levels below 5.7 µg/mL [5] . Thus, choice of the cutoff value depended on the methods employed and populations studied.
From this study, we have obtained a convincing threshold value for D-dimer levels in the plasma. Out of the five VTE diagnosed cases (5.1%), three were asymptomatic, and therefore this value can be used as a reliable tool for asymptomatic DVT screening. Screening for asymptomatic DVT can prevent PE. These results are in agreement with previous research that evaluated the incidence of asymptomatic thromboembolic events after spinal surgery [5, 7, 8, 16] .
Statistically no significant differences related to sex, mean age, BMI, operative time, bleeding volume, and operative level were observed; however, all thromboembolic complications were found in patients who had undergone lumbar surgery in the prone position with a posterior approach. These results agree with the findings from other studies that have linked postoperative VTE complications with intraoperative position during surgery [6] . Indeed, our statistical validation can be attributed to the sample size of ninety-seven patients in the present study. VTE should be diagnosed within 14 days after surgery [5, 6, 8] . So, we sought to investigate changes of D-dimer levels during this time frame. According to our hospitals' protocol, patients who undergo elective spinal surgery and do not have any complications should be discharged on the third day after surgery and have their first postop visit seven days later. Therefore in order to be cost effective and efficient, we measured the level of D-dimer on the postop 1, 3, and 10 days. There are several other limitations associated with our study. For instance, CT angiography was not performed to detect PE in each patient because of potential side effects and medical costs. Moreover, most of the patients who underwent elective surgery were suffering from a lumbar disease. Also, our study included patients and procedures confined to a particular region.
Conclusions
In summary, the routine use of a threshold value of Ddimer levels at 2.1 µg/mL on the third postoperative day in patients who opted to undergo elective spinal surgery, warrants complementary diagnostic screening. VTE develops within the first week after surgery, so an early diagnosis will permit treatment to be initiated as early as possible. Since this test appears to be more effective than clinical examinations alone, it can be used as a screening test for the early detection of VTE. We have also demonstrated that the recumbent duration after surgery is a significant risk factor for the development of DVT and PE. Overall, further studies are needed to investigate the association between D-dimer threshold levels and other risk factors associated with spinal surgery.
